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Severe head injury: control of physiological variables,
organ failure and complications in the intensive care unit
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University Hospital, 4Department of Neuroscience, 5Department of Circulation and Medical Imaging, Medical Faculty, Norwegian University of
Science and Technology, Trondheim, Norway
Background: In patients with severe head injury, control of
physiological variables is important to avoid intracranial hyper-
tension and secondary injury to the brain. The aims of this
retrospective study were to evaluate deviations of physiological
variables and the incidence of extracranial complications in
patients with severe head injury. We also studied if these devia-
tions could be related to outcome.
Patients and methods: One hundred and thirty-three patients
were included during a 5-year period (1998–2002). Deviations
from treatment goals for the following physiological variables
were studied: blood pressure, haemoglobin, blood sugar, serum
sodium, serum albumin and temperature. Extra cerebral organ
complications were also recorded as well as outcome at 6 months.
Results: The median age was 32 years (range; 1–88 years).
Median Glasgow Coma Scale (GCS) before intubation was 6
(range; 3–14). The frequencies of severe deviations from the
desired values of the physiological variables for at least one
treatment day were: hypotensive episodes (systolic BP < 90
mmHg) – 20%, anaemia (hgb < 8 g/dL) – 22%, blood glucose
>10 mmol/l – 26%, serum sodium concentration <130 mmol/
l – 10%, serum albumin <25 g/l1 – 31% and hyperthermia
>39 8C – 24%. Pneumonia was diagnosed in 71% and Acute Lung
Injury (ALI)/Adult Respiratory Distress Syndrome (ARDS) in
26% of the patients. Other complications such as severe sepsis
(6%), renal failure (1.5%), a coagulation disorder (6%) and liver
failure (one patient) were infrequent. Age, GCS, hypotension
during the first day of treatment, elevated blood sugar and low
albumin predicted an unfavourable outcome.
Conclusions: Deviations of key physiological variables and
pulmonary complications were frequent in patients suffering
from severe head injury. During intensive care treatment, hypo-
tension, elevated blood sugar and hypoalbuminemia are possible
independent predictors of an unfavourable outcome.
Accepted for publication 9 May 2007
Key words: Severe head injury; secondary brain injury;
control of physiological variables; intensive care; outcome;
pneumonia.
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GUIDELINES recommend stabilization of patientswith severe head injury within specified treat-
ment goals related to oxygenation, ventilation, blood
pressure, temperature, blood sugar, serum sodium
and albumin to avoid secondary brain damage and
development of intracranial hypertension (1–6).
However, strict compliance to the treatment goals
may be difficult to achieve in day-to-day practice in
the intensive care unit (ICU). Potential causes for
physiological deviations are other intercurrent con-
ditions such as respiratory failure, sepsis or heart
failure, lack of education, lack of vigilance, insuffi-
cient staffing or other organizational issues. It is not
known to what extent physiological variables differ
from defined treatment goals during day-to-day
practice in the ICU. Furthermore, although many
studies evaluate the effect of elevated intracranial
pressure or reduced cerebral perfusion pressure on
outcome (2, 7–9), the consequences of deviations from
other physiological variables have not been studied
in detail.
Thus, the aims of this study were to evaluate the
frequency of deviations in physiological variables
and risk of extracranial complications in patients
with severe head injuries during treatment in the
ICU and high-dependency unit (HDU). We also
wanted to explore the relationship of such deviations
and complications to outcome.
Material and methods
The study was done in accordance with the principles
of the Helsinki declaration. The Regional Committee
for Medical Research Ethics, Health Region IV,
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Norway, approved the study. All 146 patients with
severe head injury admitted to our hospital during
a 5-year period (1998–2002) were retrospectively
reviewed. The hospital is the sole neurosurgical
facility in a health care region of about 660,000
inhabitants resulting in a total of 25–30 patients
presenting with severe head trauma each year. Pa-
tients were included if the GlasgowComa Scale (GCS)
was 8 before or after hospital admission. Also,
patients with a GCS >8 before intubation were
included if they deteriorated. All had intracranial
traumatic pathology on computer tomography (CT).
Patients for whom treatment was withheld at the time
of admission as a result of severe head injury with no
hope for survival (n ¼ 9), and patients who died
from causes not related to the head injury within the
first 24 h (n ¼ 2) were excluded. Furthermore,
another two patients were excluded from the analyses
as a result of a lack of sufficient medical records or no
stay in the ICU/HDU. Thus, 133 patients fulfilled the
inclusion criteria.
Treatment goals (Table 1)
During the study period, the hospital followed the
European Brain Injury Consortium (EBIC) guidelines
for treatment of severe head injury (1) (Table 1).
However, at the time the hospital did not have
a specific step-by-step guideline describing how to
reach these treatment goals.
The patients were intubated and received controlled
ventilation. Sedation was achieved by a combination
of continuously infused intravenous (i.v.) midazolam
and morphine. Propofol was used for some patients
during weaning from the ventilator. For hypotension
or failure to reach the target cerebral perfusion pres-
sure (CPP), circulatory support was provided with
colloids and crystalloids with additional vasoactive
agents (dopamine or norepinephrine) as required. The
patients were not routinely given a continuous infu-
sion of insulin for regulation of blood glucose. The
desired blood glucose level was < 8 mmol/l. The
intracranial pressure (ICP) was measured either using
an intraparenchymal or an intraventricular pressure
device. The target CPP was usually set at 60–
70 mmHg. Increases in ICP (ICP above 20 mmHg)
were treated with sedation and analgesia, moderate
hyperventilation (PaCO2 4–4.5), osmotic therapy
(mannitol and/or hypertonic saline) and cerebrospinal
fluid (CSF) drainage. Patients with increased ICP not
responsive to standard treatment were administered
more extensive hyperventilation, continuous infusion
of thiopental, and in some cases corticosteroids ormild
hypothermia. Corticosteroids are not recommended in
EBIC guidelines, and are no longer a treatment for
intracranial hypertension at our department. Muscle
relaxants were only used occasionally. Decompressive
craniectomies were not performed in the treatment of
head injured patients during this time period,
although the bone flap was not replaced during the
neurosurgical operation in some patients.
Deviation from treatment goals:
definitions/criterions
The frequencies of physiological observations not
within the recommended limits were identified by
reviewing all charts completed during the patients
stay in the ICU/HDU. The observed values and
number of daily observations corresponding to
a moderate or severe deviation from the treatment
goals were defined as shown in Table 2. Patients were
identified as cases if having observations defined as
outside the target values for at least one day. Some
patients had observations corresponding to moder-
ate or severe deviations during separate days and
were therefore registered as both moderate and
severe deviation cases.
Blood gas analyses, including the measurement of
haemoglobin, blood glucose and electrolyte serum
Table 1
Treatment goals in the intensive care unit (ICU)/high-dependency unit (HDU).
Parameters According to EBIC
(1) Ventilation Saturation of oxygen (SaO2) >95%
Arterial partial pressure of oxygen (PaO2) 13 kPa (100 mmHg)
Arterial partial pressure of carbon dioxide (PaCO2) 4–4.5 kPa (30–35 mmHg)
(2) Blood pressure Mean arterial blood pressure (MAP) 90 mmHg (adults)
(3) Intracranial measures Intracranial pressure (ICP) 20–25 mmHg (adults)
Cerebral perfusion pressure (CPP ¼ MAP-ICP) >60–70 mmHg
(4) Blood glucose Avoid hyperglycaemia No exact blood sugar limit
(5) Body temperature Avoid hyperthermia No exact limit mentioned
(6) Serum Sodium Avoid hyponatremia No exact limit mentioned
EBIC, European Brain Injury Consortium.
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concentration, were usually taken 5–10 times daily in
the ICU, although less frequently in the HDU as the
patients were usually more stable during this phase.
The patients’ blood pressure was observed continu-
ously and registered hourly in the ICU and at the
time of hypo- or hypertensive episodes, although
again less often in the HDU. ICP was registered
hourly in both the ICU and the HDU and at the time
of ICP increases.
Organ failure during ICU/HDU treatment
The incidence of organ failure and major intercurrent
conditions were identified by reviewing the patients’
records, charts and radiologist consultants’ evalua-
tion of X-rays (KSM). Respiratory and circulatory
complications such as ventilator-associated pneumo-
nia (VAP), acute lung injury (ALI), adult respiratory
distress syndrome (ARDS) and severe sepsis were
identified. The definitions for each organ failure or
intercurrent conditions are given in Table 3. Using
the sequential organ failure assessment score, renal
failure, liver failure and a coagulation disorder were
defined at values corresponding to three or more (10).
Outcome
A specialist in physical medicine and rehabilitation
not involved in the acute care of the patients collected
the 6-months Glasgow Outcome Scale (GOS) retro-
spectively (TS). GOS 5 and 4 represented good
recovery and moderate disability, while 3, 2 and 1
represented severe disability, a persistent vegetative
state and death. The patients’ outcomes were dichot-
omized into favourable (GOS 5 and 4) and unfav-
ourable (GOS 3, 2 and 1).
Statistics
The results are given as numbers, percentages,
median and ranges as appropriate. Pearson’s chi-
square test was used when comparing proportions.
In the explorative analyses for the relationship be-
tween observations outside the standard treatment
goals and GOS outcome, multiple logistic regression
analyses were used. The independent variables were
age, GCS, hypotension (systolic BP<90 mmHg), hypo-
ventilation (pCO2 >6 kPa), hypoxia (PaO2 <8 kPa),
anaemia (Hgb <8 g/dl), hyperglycaemia (blood glu-
cose>10 mmol/l), hyponatremia (serum sodium<130
Table 2
Deviation from treatment goals.
Moderate/severe deviations
Respiratory PaCO2 5–6/ >6 kPa, Moderate/severe deviations if registered at 3
PaO2 8–11/ <8 kPa observations/day
Circulatory Adult systolic blood pressure <90 mmHg Registered as a deviation if measured at 3 times/day
Haemoglobin (Hgb) 8–10/ <8 g/dl Moderate/severe deviations if registered once during the same day
Blood glucose 8–10/ >10 mmol/l Moderate/severe deviations if registered 3 times/day
Serum sodium 130–135/ <130 mmol/l Moderate/severe deviations if registered 3 times/day
Serum albumin <25 g/l Measured any time during the ICU/HDU stay
Temperature 38–39/ >39 8C Moderate/severe deviations if registered 3 times/day
ICU, intensive care unit; HDU, high-dependency unit.
Table 3
Definition of extra cerebral organ complications.
Complication Definition
Ventilator-associated pneumonia (VAP) Artificial ventilation >48 h, infiltrates on chest X-ray, leucocytes >10 or <3, temp. >38.5 8C
or <35 8C and purulent tracheal secretions
Pneumonia (other than VAP) As above but start of symptoms before 48 h of respiratory treatment
Acute lung injury (ALI) Acute respiratory failure, PaO2/FiO2 ratio <39.9 kPa, bilateral infiltrates on chest X-ray and
no signs of heart failure
Adult respiratory distress syndrome
(ARDS)
Acute respiratory failure, PaO2/FiO2 ratio <26.6 kPa, bilateral infiltrates on chest X-ray and
no signs of heart failure
Severe sepsis Sepsis with organ dysfunction, hypo perfusion or hypotension in spite of adequate
fluid therapy
Renal failure Serum creatinine >299 mmol/l or diuresis less than 500 ml/24 h (adults)
Bleeding disorder Platelets <50  109/l
Liver failure Serum bilirubin >101 mmol/l
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mmol/l), hypoalbuminia (serum albumin <25 g/l)
and hyperthermia (central body temperature >39 8C).
For all the physiological variables, patients were
defined as cases (one or more days with deviations)
vs. non-cases. In addition, a similar analysis was per-
formed using only deviation in physiological varia-
bles observed at the first day of hospitalization. In
the multiple regression analyses, a backward step-
wise method was used applying a significance level
of 0.05 for significance and a probability for removal
of 0.10.
Results
Demographics
The 133 patients which were included consisted of
108 men and 25 women with a median age of
32 years (range; 1–88 years). The majority of head
injuries were caused by either traffic (50%) or a fall-
related accident (35%). Median GCS before intuba-
tion was 6 (range; 3–14, missing: 13). The 13 patients
with missing GCS were all reported as comatose, but
the exact GCS was not available. Median Simplified
Acute Physiology Score II in patients >18 years with
severe head injury who were treated at the ICU
(n ¼ 112) was 43 (range; 14–80, missing 2).
About half of the patients (48%) had other serious
injuries. Trauma to the chest was most common
(29%), followed by facial trauma (21%) and frac-
tures/lacerations to the extremities (20%). One hun-
dred and thirty-one of the 133 patients received
ventilatory support in the ICU/HDU. The most
frequent cerebral CT diagnoses were contusions
(72%), a subdural haematoma (55%) and a subarach-
noid haemorrhage (56%). Most patients received
ICP monitoring (84%) and 48% were operated on
for an intracranial mass lesion. Nineteen patients
died of intracranial hypertension. The median total
length of stay (LOS), including both the ICU and the
HDU stay, was 12 days (range; 0.5–49 days). The
median LOS in the ICU and the HDU was 7 and
6 days, respectively.
Key physiological variables, organ failures
and complications
Hypotensive episodes (systolic BP <90 mmHg) were
registered in 20% of the adult patients (Table 4). Forty-
eight per cent of the patients who died of their head
injury during the first 6 months after the trauma had
hypotensive episodes during their ICU/HDU stay,
compared with 18% in the survival group (P < 0.001).
Severe anaemia occurred in 22%. Twenty-six per cent
had elevated blood glucose (>10 mmol/l), and 46% of
the patients with blood glucose more than 10 mmol/l
died within 6 months after the trauma. Ten per cent
of the patients had serum sodium <130 mmol/l.
Serum albumin was <25 g/l in 31% of the patients.
Despite that one of the treatment goals was to avoid
elevated body temperature, 24% had episodes of
a body temperature of more than 39 8C.
Pneumonia was a common complication (Table 5).
Most frequent was VAP diagnosed in 49% of the
patients. Of the 47 patients who got continuously
infusion with barbiturates during some part of their
intensive care, as many as 81% got pneumonia
during their ICU/HDU stay compared with 67%
Table 4
Recorded deviations from treatment goals.
Number of patients
(n ¼ 133)
Days median
(range)
Patient data
missing*
Respiration PaCO2 5–6 kPa 94 (71%) 3 (1–22) 5
PaCO2 >6 kPa 33 (25%) 2 (1–16) 4
PaO2 8–11 kPa 91 (68%) 4 (1–20) 5
PaO2 <8 kPa 13 (10%) 1 (1–3) 3
Circulation Systolic BP <90 mmHg (adults) 26 (20%) 1 (1–8) 3
Haemoglobin Hgb 8–10 g/dl 107 (80%) 6 (1–38) 3
Hgb <8 g/dl 29 (22%) 1 (1–6) 2
Blood glucose Blood glucose 8–10 mmol/l 69 (52%) 2 (1–9) 7
Blood glucose >10 mmol/l 35 (26%) 1 (1–6) 6
Serum sodium Serum sodium 130–135 mmol/l 62 (47%) 3 (1–12) 3
Serum sodium <130 mmol/l 14 (10%) 2 (1–3) 1
Serum albumin Serum albumin <25 g/l 41 (31%) 2 (1–24) 21
Temperature Temperature 38–398C 96 (72%) 4 (1–28) 6
Temperature >398C 32 (24%) 2 (1–18) 1
Some patients had both severe and moderate deviations and are therefore counted twice.
*Missing data as a result of insufficient/lacking chart for one or more days.
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of the rest of the patients. The difference was,
however, not significant (P ¼ 0.181). ALI or ARDS
occurred in 26% of the patients. One-third of the
hypoventilated patients had episodes of PaCO2
values above 6 kPa (Table 4). Other extracranial
complications such as severe sepsis septic shock,
renal failure, coagulation disorder and liver failure
were infrequent (Table 5).
Outcome
The 6-months GOS showed a favourable outcome
(GOS 4 and 5) in 37% (n ¼ 49) of the patients, while
59% (n ¼ 78) had an unfavourable outcome (GOS
1–3) (missing GOS: 6 patients). For GOS 6 months
after the injury, age (P ¼ 0.013) and blood sugar
deviations (P ¼ 0.044) during treatment were pre-
dictors of an unfavourable outcome. When analysing
the relationship between the first day of ICU/HDU
treatment and GOS at 6 months, GCS (P ¼ 0.020)
and hypotension (P ¼ 0.022) predicted an unfavour-
able outcome. The in-hospital mortality was 18% (24
patients) while 6-months mortality was 25% (33
patients). Predictors ofmortality were age (P ¼ 0.012),
GCS (P ¼ 0.015), hypotension (P ¼ 0.007), and hypo-
albuminemia (P ¼ 0.036). The corresponding predic-
tors when analysing for observations at day 1 during
the ICU/HDU stay were age (P ¼ 0.031), high blood
sugar (P ¼ 0.002) and hypoalbuminemia (P ¼ 0.046).
Discussion
The key finding in our investigation of patients with
severe head injury was that important physiological
parameters frequently deviated from the treatment
goal during intensive care. Furthermore, in patients
with severe head injury, pulmonary complications
occurred frequently, whereas other extracranial organ
failures were infrequent. These factors seemed to
contribute significantly to the final outcome of the
patients.
The mechanisms causing extracranial complica-
tions are complex involving infections, traumatic
injuries in other organs, inflammatory mediators,
hormonal changes and disturbed vasomotor control
(11, 12). The high incidence of pneumonia including
VAP found in our study (Table 5) corresponds with
the high incidence found in a prospective investiga-
tion from Bronchard et al. (13) and data from the
Traumatic Coma Data Bank (12), but it is higher than
observed by others (4, 14). In patients included in the
Traumatic Coma Data Bank, pulmonary infections
were a significant independent predictor of an un-
favourable outcome. In contrast, Polderman et al. (4)
only registered pulmonary complications (infections,
pneumothorax and bleeding) in 11% of the patients.
While the findings of Stover and Stocker (15)
conclude that a barbiturate coma in patients with
traumatic brain injury may cause reversible leucope-
nia and an increased infection rate, we could not find
a significant difference in the incidence of pneumonia
in this group of patients.
It is well known that there is a correlation between
respiratory dysfunction andmortality (11, 16). Earlier
reports (2) have described an increase in the risk of
ARDS when the lower CPP threshold was set at
70 mmHg, compared with a threshold of 50 mmHg.
Which value is an adequate cerebral perfusion pres-
sure is controversial (8, 9). While the EBIC guidelines
have been recommending a CPP threshold of 60–
70 mmHg as was used in our study, the Lund
concept (17–22) argues for a lower CPP limit (down
to 50 mmHg in adults).
In the analyses of outcome, hypotension during the
first day of stay in the ICU independently predicted
an unfavourable outcome after 6 months in our
study. Earlier studies have shown that even brief
Table 5
Extra cerebral organ complications during the intensive care unit (ICU)/high-dependency unit (HDU) stay.
Complications Number of patients
(n ¼ 133)
Patient data
missing
Ventilator-associated pneumonia (VAP) 65 (49%) 1
Pneumonia (other than VAP) 33 (25%) 1
Acute lung injury (ALI) 34 (26%) 0
Adult respiratory distress syndrome (ARDS) 30 (23%) 0
Serious sepsis 8 (6%) 1
Septic shock 0 0
Renal failure 2 (1.5%) 0
Bleeding disorder 8 (6%) 0
Liver failure 1 (0.8%) 0
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periods of mild hypotension adversely affects out-
come in patients with severe traumatic brain injury
(3, 12, 14, 23, 24). However, it has been argued that
hypotension is most critical during the initial phase
after the injury, i.e. before arriving at the ICU (18), but
the negative consequences of hypotension in these
patients later during the ICU stay are well docu-
mented (3, 10, 12).
Many of our patients had a Hgb level <10 g/dl,
but we did not observe any relationship between
anaemia and outcome. It may be speculated that
lower viscosity as a result of anaemia improves
microcirculation in parts of the brain that are at risk
(25, 26). Proponents of the Lund therapy (17), how-
ever, advocate blood transfusions if needed, to main-
tain a Hgb level above 11 g/dl in order to improve
oxygen transport to the injured brain (27). Thus, there
may be both detrimental and beneficial effects from
anaemia.
Almost half of the patients with blood glucose of
more than 10 mmol/l died within 6 months after
severe head injury in our study, and in the multiple
regression analyses elevated blood glucose was an
independent predictor of outcome. This is in agree-
ment with other studies (5, 24, 28, 29).
In a systematic review, Haynes et al. showed that
albumin treatment gave reduced mortality, disability
and neurological deficits in patients with brain injury
(30). While the Lund concept includes albumin infu-
sion in their guideline for maintaining colloid osmotic
pressure, it is not a routine treatment in most ICUs
including our ICU/HDU. Experts who do not advo-
cate albumin claim that it is the total osmolality of the
blood that is important for the fluid shifts over the
blood–brain barrier. Because albumin contributes little
to the total osmolality compared with serum sodium,
the effects from administrating albumin infusions are
believed to be limited (31, 32). However, for the
patients included in the present study, low albumin
serum concentrations were associated with an in-
creased risk of death. This is in agreement with more
recent research showing that albumin reduces cerebral
oedema and has a neuroprotective effect (6, 33–35).
The low frequencies of severe sepsis, renal failure
and liver failure found in our patients are also
described in previous studies (2, 4, 12, 14, 36).
However, several studies (12, 37, 38) found a higher
incidence of coagulopathy than observed in this
study. Our data suggest that in patients with severe
head injury, organ failures other than those of respi-
ratory and circulatory origin seldom contribute to an
unfavourable outcome. However, our findingmay be
as a result of a low number of patients that fail to
elucidate the consequences of infrequent complica-
tions. This speculation is supported by the fact that
the Traumatic Coma Data Bank (12) has shown that
extracranial complications such as coagulopathy and
sepsis are also significant predictors of a less favour-
able outcome.
In the present study, the overall incidence of extrac-
erebral organ failure agrees with a recent paper by
Zygun et al. (36). Zygun et al. also observed that the
development of non-neurological organ dysfunction
was associated with worse outcome independent of
age and GCS. These observations call for close atten-
tion to details in the intensive care treatment of
patients with severe head injury. Protocol-driven treat-
ment offers a significant benefit, both generally and in
head-injured patients (39, 40). In our study and the
study by Zygun et al., it is not investigated if changes
in key physiological parameters were unavoidable
results from other injuries, organ failures or altered
central nervous autonomic regulation or as a result of
a lack of attention to detail during treatment.
We recognize several limitations in this study. First,
because of the retrospective design, some data are
missing. Second, beyond the separate assessment of
the first day of hospitalization, we have not differ-
entiated between the acute phase in the ICU and the
more subacute period in the HDU. It is reasonable to
believe that deviations are more crucial if present
during the acute phase of head injury treatment.
Conclusion
This study demonstrates that undesired and poten-
tially harmful changes in physiological variables are
frequent during ICU and HDU treatment of patients
suffering from severe head injury. Pulmonary com-
plications are also frequent, with pneumonia being
the most common problem. During intensive care
treatment, age, GCS, hypotension, elevated blood
sugar and hypoalbuminemia are possible indepen-
dent predictors of an unfavourable outcome.
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Background: Traumatic brain injury (TBI) treatment protocols
have been introduced in the intensive care unit (ICU) to avoid
secondary brain injury. In this study, we aimed to evaluate the
deviations from such a treatment protocol and the frequency of
extracranial complications, and relate these ﬁndings to outcome.
Methods: During a 5-year period (2004–2009), 133 patients
with severe TBI [Glasgow Coma Scale (GCS) score 8] were
prospectively included. The following deviations from treatment
goals were studied: intracranial pressure (ICP), blood pressure,
haemoglobin, blood glucose, serum sodium, serum albumin,
body temperature and extracranial complications during the
ICU stay. Outcome was assessed using Glasgow Outcome Scale
Extended score at 12 months.
Results: The frequencies of deviations from the treatment
goals were: episodes of intracranial hypertension 69.5% (of
monitored patients), hypotension 20.3%, anaemia 77.4%,
hyperglycaemia 42.9%, hyponatremia 34.6%, hypoalbuminemia
30.8% and hyperthermia 54.9%. Pulmonary complications were
common (pneumonia 72.2%, acute respiratory distress
syndrome/acute lung injury 31.6%). Thrombocytopenia (4.5%),
severe sepsis (3.0%), renal failure (0.8%) and liver failure (0.8%)
were infrequent. Twenty-six (19.5%) patients died within the
ﬁrst 12 months due to the head injury. Age, GCS score, pupil
dilation, Injury Severity Score (ISS), ICP > 25 mmHg, hypergly-
caemia and pneumonia predicted a worse outcome.
Conclusions: Deviations from the TBI treatment protocol were
frequent. Pneumonia was the most frequent extracranial compli-
cation. Age, GCS score, pupil dilation, ISS, high ICP, hypergly-
caemia and pneumonia predicted a worse outcome.
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Hospital treatment of patients with traumaticbrain injury (TBI) is initially directed at limit-
ing the extent of secondary brain injury. Neuropro-
tective therapy includes multiple interventions,
both surgically and medically, involves health care
workers from several professions and has to be
delivered continuously. Consequently, detailed
treatment protocols for TBI patients have been
developed for the various stages of the TBI trajectory
including treatment within the intensive care unit
(ICU).
Before the introduction of a speciﬁc TBI treatment
protocol, the treatment policy in our ICU and high
dependency unit (HDU) for patients with severe TBI
was based on the European Brain Injury Consor-
tium (EBIC) guidelines.1 Although we had a written
procedure, it was not very accurate and did not
contain speciﬁc information about what treatment
should be given highest priority. In a retrospective
study of patients with severe TBI admitted to our
hospital during the years 1998–2002, we showed
that deviations from the proposed treatment targets
in the EBIC guidelines were frequent.2 Furthermore,
in this study, hypotension, elevated blood glucose
and hypoalbuminemia predicted an unfavourable
outcome, suggesting that the failure to achieve
deﬁned ICU treatment targets could have long-term
clinical consequences.2
In 2003, we introduced a three-level treatment
protocol based on the EBIC guidelines to avoid sec-
ondary brain injury and intracranial hypertension in
TBI patients. This protocol was implemented in the
*These authors contributed equally to the work.
The work was carried out at St Olav University Hospital in Trond-
heim, Norway.
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hospital quality assurance system, and the content
was disseminated by education and always available
at each patient’s bed and thereby reducing the risk
of discontinued treatment after duty shift hando-
vers. Previous studies that compare the outcomes in
TBI patients before and after an introduction of a TBI
treatment protocol generally ﬁnd that the introduc-
tion of a detailed treatment protocol improves
care.3–5 However, these studies do not report
detailed information in numbers of deviations from
the agreed treatment goals.
Thus, the aim of this study was to prospectively
evaluate the frequency of deviations from deﬁned
protocol treatment goals and the frequency of
extracranial complications during the ICU stay after
the introduction of a TBI treatment protocol. We also
wanted to study if such deviations and complica-
tions could predict outcome.
Material and methods
Patients and setting
The study was conducted at St Olav University Hos-
pital, a tertiary referral centre for all neurosurgical
activities serving a population of about 680,000. All
patients with a severe TBI admitted to the hospital
(n = 161) were prospectively screened during a
5-year period (from 15 October 2004 until 16
October 2009). Patients were included if Glasgow
Coma Scale (GCS) score was  8 before or after
hospital admission. Patients with low GCS score due
to intoxication were not included. Patients were also
excluded if no active therapy was initiated after
admission either due to a head injury appraised to
have no hope of survival (n = 12) or if ICU therapy
was not initiated due to high age and/or other con-
comitant severe chronic diseases (n = 6). Also,
patients who died because of extracranial injuries
within the ﬁrst 24 h after admission (n = 6) were
excluded. Three patients did not consent to follow
up, and ﬁnally, one patient was a foreigner and was
lost to follow up. Thus, 133 patients were ﬁnally
included in the study.
The treatment protocol
The protocol includes three treatment levels where
level 1 is the basic intensive TBI treatment (Table 1).
The patients receive adequate sedation and analge-
sia, and if required intubation and mechanical ven-
tilation. Intracranial haematomas are surgically
evacuated if indicated. Sedation is administered
using continuously infusions of intravenous mida-
zolam and morphine. Some patients are given pro-
pofol for shorter periods during ventilator weaning.
The upper body is elevated 15–20 degrees. To main-
tain the desired blood glucose level (4.5–6.5 mmol/
l), a continuous infusion of insulin is established if
needed. At haemoglobin < 100 g/l, blood transfu-
sions are given. Hyponatremia (< 140 mmol/l) is
treated with isotonic NaCl solutions or hypertonic
saline.
ICP was measured either by using an intraparen-
chymal or an intraventricular pressure device. The
zero level for ICP measurements when using a ven-
tricular drainage was at the level of the external
auditory meatus and the zero level of the arterial
pressure was by the level of the heart. Elevated ICP
above 20 mmHg (> 15 mmHg in children < 1 year
old) was initially treated with increased sedation
and boluses of thiopental (level 1). Crystalloids and
vasoactive agents (dopamine or norepinephrine)
were administered to maintain desired cerebral
perfusion pressure (CPP). The protocol was changed
in 2006 when the target CPP was reduced from
70 mmHg to 60 mmHg in adults and it was
introduced paediatric age-speciﬁc CPP targets (45–
60 mmHg in children depending on the child’s age).
If still not satisfactory ICP levels after completion
of level 1 treatment alternatives, more intensive
treatment is required. In level 2, osmotic therapies
(mannitol and/or hypertonic saline), cerebrospinal
ﬂuid (CSF) drainage, moderate hyperventilation
(PaCO2 4–4.5 kPa) and moderate hypothermia (35–
36°C) are administered. If the patients continue to
have elevated ICP and low CPP, despite level 2
treatment, they are operated with decompressive
craniectomia (level 3) or other treatments such
as continuous infusion of thiopental, extensive
hyperventilation (PaCO2 3.6–4.0 kPa), hypothermia
(< 35°C) and lumbal CSF drainage. In a modiﬁed
version of the treatment protocol in 2006, decom-
pressive craniectomy was indicated as the ﬁrst pri-
ority in level 3, and from 2008, therapeutic
hypothermia was no longer given to children.6–8 If
not an ICP measurement device was placed, the
patients were treated according to TBI protocol
level 1.
Deviations from treatment goals:
deﬁnitions/criteria
The data were registered by an intensive care nurse
and were quality checked by a specialist in anaes-
thesiology (K. S-M.). Simpliﬁed acute physiology
score II (SAPS II) was calculated for the ﬁrst 24 h.9
The Injury Severity Score (ISS) was registered
according to Baker et al.10 The frequencies of physi-
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ological values not within the recommended limits
were identiﬁed by reviewing all ICU charts. Mod-
erate or severe deviations from treatment goals were
deﬁned in Table 2. Blood gas analyses, including the
measurements of haemoglobin, blood glucose and
electrolytes serum concentration, were usually taken
5–10 times daily depending on the patient’s clinical
condition. Continuous intra-arterial blood pressure
measurements and other vital parameters were
documented hourly or as required. ICP was regis-
tered hourly and at the time of ICP increases. A
moderate/severe deviation in ICP and CPP was
deﬁned as ICP 21–25 mmHg/ > 25 mmHg and CPP
50–59 mmHg/ < 50 mmHg, respectively. For both
these variables, a deviation was registered if meas-
ured  3 times/day. However, if treatment was ter-
minated due to no hope of survival, vital parameters
including ICP after cessation of active treatment
were not registered in the database.
Organ failure during ICU/HDU treatment
The deﬁnitions of extracranial complications are
given in Table 3. The incidence of organ failure was
identiﬁed by reviewing the patients’ records, charts
and radiologist consultants’ evaluation of X-rays,
computer tomography (CT) and magnetic reso-
nance imaging (MRI). Complications such as
ventilator-associated pneumonia (VAP), pneumonia
due to other causes, acute lung injury (ALI), acute
respiratory distress syndrome (ARDS) and severe
sepsis were noted.11,12 A sequential organ failure
assessment (SOFA) score of three or four was used
to deﬁne renal failure, liver failure and a coagulation
disorder.13
Outcome assessment
A specialist in physical medicine and rehabilitation
(T. S.) and a research nurse collected the 12-month
Glasgow Outcome Scale Extended (GOSE) score.14
GOSE score was not possible to score in the follow-
ing cases: (1) patients who died of other causes than
the head injury during the follow-up (n = 1), (2)
patients who needed special care before the TBI
(n = 3), (3) patients who got another injury during
the follow-up study (n = 1) and (4) patients who
were lost to follow-up (n = 1). Of the six patients
Table 1
TBI treatment protocol for the 133 patients included.
Level Treatment Deﬁnitions Frequency
% (n = 133)
1 Adequate sedation and analgesia
Thiopental bolus During procedures 49.6%
15–20° elevation of the head
Surgical evacuation of haematoma if indicated
PaO2 > 13 kPa or oxygen saturation > 95%
PaCO2 Around 4.5 kPa
Haemoglobin (Hgb) > 100 and < 120 g/l
Normovolemia
Normothermia Temp.  37°C
Serum sodium  140 mmol/l
Serum glucose 4.5–6.5 mmol/l*
Cerebral perfusion pressure (CPP)** Adult  60 mmHg
Children > 45–60 mmHg, depending on age
2 Check level 1!
Consider a new CT scan.
Hypertonic saline 2,9% (S-Na < 150 mmol/l) Adult 250 ml
50.4%Children 1–2.5 mmol/kg,
If infusion 0.05–0.5 mmol/kg/h
Mannitol 150 mg/ml (S-Osm  320 mosm/kg) Adult 200–300 ml 33.8%Children 0.25–1 g/kg
CSF drainage if possible
Moderate hyperventilation PaCO2 4.0–4.5 kPa 33.1%
Moderate hypothermia (not in children) Temp 35–36°C 26.3%
3 Check level 1 and 2!
Consider a new CT scan.
Decompressive craniectomy (high priority) 6.0%
Barbiturate coma Thiopental 1–5 mg/kg/h 11.3%
Hyperventilation PaCO2 3.6–4.0 kPa
Hypothermia (not in children) Temp < 35°C 14.3%
Lumbal catheter for CSF drainage 6.8%
*The desired S-Glu level was changed to 4.5–8 mmol/l after the study period.
**Zero level of the arterial pressure is by the level of the heart. CSF, cerebrospinal ﬂuid; CT, computer tomography.
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where 12-month GOSE was not possible to score,
three had a valid registered 6-month GOSE score,
which was used in the analyses.
Statistical analyses
The descriptive data are given in numbers, percent-
ages, median and ranges as appropriate. We used
ordinal logistic regressions to explore the associa-
tion between outcome and prognostic factors.
Outcome was assessed by GOSE score as dependent
variable. The GOSE scale was reclassiﬁed into worse
outcome [GOSE score 1–4 (1 dead, 2–4 severe dis-
ability)], moderate disability (GOSE score 5–6) and
good recovery (GOSE score 7–8), and the latter was
chosen as reference category.
The following predictor variables were explored
using univariable logistic regression: age (continu-
ous variable), GCS score, pupil dilation during the
ﬁrst 24 h, hypotension (systolic BP < 90 mmHg),
elevated ICP (21–25 mmHg and ICP > 25 mmHg),
hypoventilation (pCO2  5 kPa), hypoxia (PaO2 
11 kPa), anaemia (Hgb  100 g/l), hyperglycaemia
(blood glucose 8 mmol/l), hyponatremia (serum
sodium  135 mmol/l), hypoalbuminemia (serum
albumin < 25 g/l), hyperthermia (central body
temperature 38°C), pneumonia (including VAP),
Table 2
Recorded deviations from treatment goals.
Moderate/severe
deviations*
Number of patients
(n = 133)
Days median
(range)
Patient data
missing**
Respiration PaCO2 5–6 kPa/ 99 (74.4%) 3 (1–15) 6
PaCO2 > 6 kPa 21 (15.8%) 1 (1–9) 6
PaO2 8–11 kPa/ 86 (64.7%) 3 (1–16) 6
PaO2 < 8 kPa 4 (3.0%) 1 (1-1) 6
Circulation Systolic BP < 90 mmHg 27 (20.3%) 1 (1–10) 5
Haemoglobin (Hgb) Hgb 80–100 g/l 101 (75.9%) 6 (1–27) 0
Hgb < 80 g/l 22 (16.5%) 1 (1–19) 0
Blood glucose (S-Glu) S-Glu 8–10 mmol/l/ 52 (39.1%) 1 (1–4) 3
S-Glu > 10 mmol/l 12 (9.0%) 1 (1–3) 3
Serum sodium (S-Na) S-Na 130–135 mmol/l/ 46 (34.6%) 2 (1–11) 0
S-Na < 130 mmol/l 4 (3.0%) 1,5 (1–4) 1
Serum albumin Serum albumin < 25 g/l 41 (30.8%) 12
Temperature (T) T 38–39°C/ 72 (54.1%) 3 (1–14) 2
T > 39°C 21 (15.8%) 2 (1–9) 2
Some patients had both severe and moderate deviations and are therefore counted twice.
*PaCO2, PaO2, systolic BP, S-Glu, S-Na and T are registered as a moderate/severe deviation if deviations are measured  3
times/day. Hgb is registered as a moderate/severe deviation if deviation is measured once during the same day, while S-Alb is
registered as a deviation if measured low any time during the ICU stay.
**Missing data as a result of insufficient/lacking chart for one or more days.
Table 3
Deﬁnition and frequencies of extracranial organ complications.
Complication Deﬁnition Frequencies
(%)
Patient
data
missing*
Ventilator-associated
pneumonia (VAP)
Artiﬁcial ventilation > 48 h, inﬁltrates on chest X-ray, leucocytes > 10 or
< 3 ¥ 109/l, temp. > 38.5°C or < 35°C and purulent tracheal secretions
47 (35.3%) 0
Pneumonia (other than VAP) As above but start of symptoms before 48 h of respiratory treatment 50 (37.6%) 0
Acute lung injury (ALI) Acute respiratory failure, PaO2/FiO2 ratio < 39.9 kPa, bilateral inﬁltrates
on chest X-ray and no signs of heart failure
19 (14.3%) 1
Acute respiratory distress
syndrome (ARDS)
Acute respiratory failure, PaO2/FiO2 ratio < 26.6 kPa, bilateral inﬁltrates
on chest X-ray and no signs of heart failure
23 (17.3%) 1
Severe sepsis Sepsis with organ dysfunction, hypoperfusion or hypotension in spite of
adequate ﬂuid therapy
4 (3.0%) 0
Renal failure Serum creatinine > 299 mmol/l or diuresis less than 500 ml/24 h (adults) 1 (0.8%) 0
Bleeding disorder Platelets < 50 ¥ 109/l 6 (4.5%) 2
Liver failure Serum bilirubin > 101 mmol/l 1 (0.8%) 3
*Missing data as a result of insufficient/lacking chart for one or more days.
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ALI/ARDS, sepsis, renal failure, bleeding disorder
and liver failure. Signiﬁcant Spearman correlation
coefﬁcients were tested between the continuous
predictor variables, before they were implemented
in the regression models. Variables with less than
three cases in one of the GOSE categories were not
analysed. All variables reaching P  0.10 in the uni-
variable analyses were included in a multiple logis-
tic regression model. In this model, we adjusted for
the covariates age, GCS score and pupil dilation.
The precision of the estimates was assessed with
95% conﬁdence intervals (CI). All tests were consid-
ered statistically signiﬁcant at a probability value
< 0.05. The statistical software Statistical Package for
the Social Sciences version 18 (SPSS Inc., Chicago,
IL, USA) or STATA/SE version 11.2 (StataCorp LP,
College Station, Texas, USA)was used in all analyses.
Ethics
The study was done according to the principles of
the Helsinki Declaration. Written informed consent
was obtained from the patient, or if incapacitated
from their next of kin. The Regional Committee for
Medical Research Ethics approved the study.
Results
Demographics
Of the 133 included patients 79.7% were male and
the median age was 30 years (range 1–81 years;
Table 4). Twelve of the patients were less than 15
years (1–13.7 years). The majority of the TBIs were
caused by either a trafﬁc accident or a fall injury. The
median GCS score before sedation was 6. One fourth
of the patients had uni- or bilateral pupil dilation on
admission. The initial CT ﬁndings often showed a
combination of intracerebral pathologies with trau-
matic subarachnoidal haemorrhage (tSAH), sub-
dural haematoma (SDH) and multiple contusions as
the most frequent ﬁndings. In all seven patients with
negative ﬁndings on CT examinations, the MRI
showed diffuse axonal injury or cerebral contusions.
Median ISS was 26 and median SAPS II in patients
> 18 years was 43. One hundred and thirty of the 133
patients received invasive mechanical ventilation
(0.5–34 days, median 6.0 days). 43.6% of the patients
were operated for intracranial pathology and 43.6%
were operated due to extracranial injuries.
Intracranial hypertension and treatment
according to the three-level TBI protocol
ICP was monitored in 105 patients (78.9%). Out of
the 105 patients with ICP monitoring, 29 did not
have any episodes with elevated ICP, while 26
patients had episodes of ICP between 21–25 mmHg
and 47 patients had episodes of ICP > 25 mmHg
(missing ICP and CPP information in three patients)
(Table 5).
About 75% of the patients with ICP monitoring
received level 2 treatment due to high ICP and
around 30% of the patients with ICP monitoring
received level 3 treatment (all patients with level 3
Table 4
Patient demographics of the 133 included patients.
Number of
patients n (%)
Median
(range)
Sex
Male 106 (79.7%)
Female 27 (20.3%)
Age (years) 30 (1–81)
Cause of accident
Traffic 70 (52.6%)
Fall 54 (40.6%)
Other 7 (5.3%)
GCS score 131 6 (3–8)
Pupil dilation on admission 34 (25.6%)
Unilateral 23
Bilateral 11
Injury Severity Score (ISS) 133 26 (5–54)
SAPS2 (> 18 years) 112 43 (21–91)
Cerebral CT ﬁndings*
tSAH 97 (72.9%)
SDH 81 (60.9%)
EDH 24 (18.0%)
Multiple contusions 70 (52.6%)
Single contusion 7 (5.3%)
Normal 7 (5.3%)
Surgery for intracranial injury 58 (43.6%)
Surgery for extracranial injury 58 (43.6%)
*Many patients had more than one intracerebral pathology on
cerebral CT.
EDH, epidural haematoma; GCS, Glasgow Coma Scale;
SDH, subdural haematoma; tSAH, traumatic subarachnoidal
haemorrhage.
Table 5
Registrated elevations in intracranial pressure (ICP) and
reductions in cerebral perfusion pressure (CPP) in patients with
ICP monitoring (n = 105)*.
Number of
patients
(n = 105)
Patient
data
missing**
ICP 21–25 mmHg 26 (24.8%) 3
ICP > 25 mmHg 47 (44.8%) 3
CPP 60–69 mmHg 21 (20.0%) 3
CPP 50–59 mmHg 55 (52.3%) 3
CPP < 50 mmHg 20 (19.0%) 3
*Elevations in ICP and reductions in CPP are registered if meas-
ured  3 times/day.
**Missing data as a result of insufficient/lacking chart for one or
more days.
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treatment had also had level 2 treatment). Six of the
patients with ICP monitoring did not have any epi-
sodes of CPP below 70 mmHg, while 21 patients
had the lowest registration of CPP 60–69 mmHg
and 55 patients had CPP 50–59 mmHg. A cerebral
perfusion pressure below 50 mmHg was measured
in 20 patients; three of them were children < 15 years
old.
Deviations from other treatment goals
Almost two thirds of the TBI patients (65.4%) had
periods of PaO2  11 kPa during the ICU/HDU stay
(Table 2). Hypotension was observed in 27 (20.3%)
patients, 12 of them were children. Fifteen patients
had low blood pressure during the ﬁrst 24 h in
the ICU/HDU. Anaemia (haemoglobin  100 g/l)
was observed in 77.4% of the patients. A mode-
rate hyperglycaemia (8–10 mmol/l) was frequent
(39.1%), but a blood glucose above 10 mmol/l was
rare (9.0%). One third (34.6%) of the patients had
an observed serum sodium (S-Na) level of
 135 mmol/l while 30.8% of the patients had
hypoalbuminemia. Elevated body temperature was
found in more than half of the patients (55%).
Extracranial complications during
ICU/HDU stay
Pulmonary complications were a frequent ﬁnding
with 73.7% of the patients having at least one of
the following: VAP, pneumonia due to other causes,
ALI or ARDS (Table 3). Pneumonia was the most
common complication in TBI patients during the
ICU/HDU stay. About one third (35.3%) of the
patients had a VAP, whereas 37.6% had pneumonia
due to other causes (one patient had both VAP and
pneumonia due to aspiration).
ALI was diagnosed in 14.3% of the patients,
whereas 17.3% met the deﬁnitions of ARDS. Most of
the patients (83%) including all patients with ARDS,
got vasoconstrictors during their ICU/HDU stay.
Four patients (3%) had severe sepsis. One patient got
a renal failure and needed continuous renal replace-
ment therapy. Low platelets were found in six
patients (4.5%). One of the patients had both low
platelets and elevated bilirubin serum concentration
and was classiﬁed as having a liver failure.
Prediction of outcome
Twenty-six (19.5%) of the 133 patients included died
due to the head injury within the ﬁrst 12 months; all
but two died within the ﬁrst month. Intracranial
hypertension was the cause of death in 21 patients
while ﬁve patients died due to sequels from their
head injury. A good recovery (GOSE scores 7–8) was
seen in 43 patients (32.3%), a moderate disability
(GOSE scores 5–6) was seen in 34 patients (25.6%)
and a worse outcome (GOSE score  4) in 53
patients (39.8%). One patient died of other causes 3
weeks after the TBI.
In the univariable analyses age, uni- or bilateral
pupil dilation on admission and low GCS score
were all highly associated with a worse outcome
category (Table 6). Additionally, among the ICU/
HDU observations, ICP > 25 mmHg, PaO2  11 kPa,
hyperglycaemia, pneumonia andARDS were all sig-
niﬁcantly associated with a worse outcome. Hypo-
tension (even if we excluded children  15 years),
anaemia, hyponatremia, hypoalbuminemia, ALI
and elevated body temperature were not associated
to outcome.
In the multiple logistic regression with age, GCS
score and pupil dilation as covariates, high ISS,
ICP > 25 mmHg, S-Glu  8 mmol/l, and pneumo-
nia were signiﬁcantly related to a worse outcome.
Intracranial hypertension with ICP less than
25 mmHg was associated with better outcome.
Discussion
After the implementation of a three-level protocol
for treatment of patients with severe TBI, we found
that deviations from the speciﬁc treatment goals
were frequent. Almost three out of four patients got
a pulmonary complication during the ICU/HDU
stay, whereas other extracranial complications were
infrequent. High ISS, hyperglycaemia, pneumonia
and ICP > 25 mmHg predicted a worse outcome
even after adjustment for the strong prognostic
factors age, GCS score and pupil dilation.
Intracranial hypertension and degree
of multi-trauma
The value of intracranial hypertension as a prognos-
tic outcome factor is well established in earlier stud-
ies.15,16 In our study, more than one third of the
patients had ICP measurements above 25 mmHg,
which was signiﬁcantly associated with a worse
outcome. However, for the patients with episodes of
slightly increased ICP levels, we found no increased
risk of a worse outcome.
While a study by Stocchetti et al. found that the
frequency of surgical decompression and the use of
barbiturates were restricted to less than 10% of
patients with severe TBI, we found a relatively high
incidence of level 3 treatment.17 This is mostly
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caused by the use of barbiturate infusion and hypo-
thermia. The effect of decompressive craniectomy in
treating cerebral oedema is controversial and only
6% of the patients in our study had a hemi/
craniectomy.18,19 In this study, nine patients received
a lumbal drainage catheter, but four of the nine
patients received lumbal drainage because of CSF
leakage. However, occasionally, lumbal drainage is
used and reduces ICP.20 The treatment, still, is con-
troversial due to the risk of cerebral herniation and
this treatment is not a routine intervention in TBI
patients.
The severity of the multi-trauma, measured by the
ISS, predicted outcome independently after adjust-
ing for other well-known prognostic factors. Previ-
ous studies of TBI patients have also shown that ISS
could predict outcome.21,22
Deviations and outcome
Despite a desired blood sugar of 4.5–6.5 mmol/l
during the study period, almost half of the patients
(43%) in our study had episodes of hyperglycaemia
> 8 mmol/l. The association with hyperglycaemia to
a poor outcome observed in our study is in accord-
ance with earlier studies.23,24 However, the optimal
blood glucose level in TBI patients is not established
and several researchers advice against too strict
blood glucose control due to the concern of
hypoglycaemia, especially in the central nervous
system.25–28 Also, it is uncertain whether it is the
blood glucose itself that is harmful to the brain or if
the blood glucose level reﬂect the severity of the
TBI.29
Our study could not ﬁnd any signiﬁcant relation-
ship between hypotension in the ICU/HDU and a
poor outcome. Several other studies have shown
that early hypotension in patients with severe head
injury is related to a poor outcome.2,30 One explana-
tion for this discrepancy can be that we addressed
hypotension in the ICU/HDU and therefore did not
include hypotension and hypoxia at the scene of
accident or during the transportation to the hospital.
Also, during established ICU treatment, some
causes of hypotension such as hypovolemia are
usually corrected, and therefore, a low arterial blood
pressure is often not associated with decreased
cardiac output and lower oxygen delivery. As
oxygen delivery to the brain is a result of several
factors, it may be that a combination of risk factors is
more important than the presence of each isolated
risk factor. The IMPACT study observed that the
combination of early hypoxia and early hypotension
was related to poorer outcome than if the patients
had only one of the events.30
Table 6
Association with outcome.*
Variable Univariate† Odds
ratio (OR)
Conﬁdence
interval (CI)
Multiple logistic
regression‡
Multiple logistic
regression
Multiple logistic
regression
P P OR CI
Age P < 0.001 1.04 1.02–1.06
Pupil dilation P = 0.002 3.57 1.62–7.88
GCS P < 0.001 0.71 0.59–0.86
ISS P = 0.08 1.03 0.996–1.06 P = 0.006 1.05 1.02–1.09
ICP
21–25 mmHg P = 0.062 0.45 0.20–1.04 P = 0.021 0.33 0.13–0.84
> 25 mmHg P < 0.001 7.20 3.14–16.49 P < 0.001 7.40 2.93–18.71
PaCO2  5 kPa P = 0.37
PaO2  11 kPa P = 0.002 3.23 1.54–6.81 P = 0.12
Hypotension P = 0.84
S-Na  135 mmol/l P = 0.33
Hgb  100 g/l P = 0.13
S-Glu  8 mmol/l P < 0.001 4.04 2.03–8.06 P = 0.002 3.33 1.53–7.26
Temp  38°C P = 0.101 1.72 0.90–3.30
S-Alb < 25 g/l P = 0.915 0.999 0.98–1.02 P = 0.71
Pneumonia P = 0.004 2.99 1.43–6.28 P = 0.048 2.27 1.01–5.14
ALI P = 0.34
ARDS P = 0.030 2.59 1.096–6.12 P = 0.14
*The outcome ordinal variable = GOSE score 1–4 = poor outcome. OR greater than one indicates increased risk for worse outcome
category, while OR less than one indicates decreased risk of worse outcome.
†Odds ration (OR) and conﬁdence interval (CI) are only registered for variables with a signiﬁcance value P < 0.10.
‡In the multiple logistic regression, age, GCS score and pupil dilation are covariates.
GCS, Glasgow Coma Scale; ICP, intracranial pressure; ISS, Injury Severity Score.
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While the use of hypothermia in TBI patients is
controversial, there is a general agreement to avoid
hyperthermia.8,31–33 A recent study from the Chinese
head trauma bank indicates that both degree and
duration of early post-injury hyperthermia are
closely related to an unfavourable outcome.34
However, we did not observe any signiﬁcant rela-
tion between hyperthermia and a worse outcome.
We could not ﬁnd any signiﬁcant relationship
between anaemia and a poor outcome. A review by
Kramer and Zygun on anaemia and red cell trans-
fusion in neurocritical care concluded that there are
no randomised controlled trials related to the trans-
fusion threshold among brain-injured patients.35
Thus, the optimal haemoglobin level in TBI patients
is not known. One third of the TBI patients had low
albumin levels but in contrast to our earlier study,
we did not observe that hypoalbuminemia was
related to a worse outcome.2 The importance of the
albumin level in patients with TBI is uncertain. A
post-hoc follow-up study from the SAFE (Saline or
Albumin for Fluid Resuscitation in Patients with
Traumatic Brain Injury) study concluded that ﬂuid
resuscitation with albumin to TBI patients was asso-
ciated with higher mortality than resuscitation with
saline.36 Contrary to this ﬁnding is that the Lund
concept use albumin as the main plasma volume
expander and other studies that observe a negative
relationship between low albumin and survival in
the neurosurgical ICU patients.37,38
Extracranial complications and outcome
Pneumonia (including VAP) had a negative effect on
outcome in our study. This agrees with a study by
Piek et al. where pneumonia was one of the predic-
tors of increased morbidity and mortality in TBI
patients.39
Despite a high frequency of ARDS, only four
patients had episodes of severe deviations in PaO2
during their ICU/HDU stay. This low incidence of
oxygenation failure suggests that the respiratory
complication is usually possible to compensate with
ICU respiratory interventions. There was no associa-
tion between ALI, ARDS, hypo oxygenation and a
worse outcome category. Previous studies in TBI
patients are divergent; some studies have shown
that ALI and ARDS are associated with higher mor-
tality in TBI patients, while other studies fail to rep-
licate this association.40–43 The conventional TBI
treatment includes the use of vasoconstrictors to
keep an optimal cerebral perfusion pressure. We did
not assess if the use of vasoconstrictor was due to
increase CPP, circulatory instability or to counteract
hypotension caused by sedation. It has been shown
that the use of vasoconstrictors is associated with a
higher incidence of ARDS.41 The fact that all patients
withARDS in our study were given vasoconstrictors
could support this association, but this is highly
uncertain since most of the patients in our study
received vasoactive medications.
The importance of treatment protocol for TBI
patients in the ICU/HDU
Before the introduction of a treatment protocol for
TBI patients, we performed a retrospective study on
TBI patients in the ICU/HDU, including 133
patients with severe TBI during a 5-year period
(1998–2002).2 This study showed that hypotension,
elevated blood sugar and hypoalbuminemia were
possible predictors of an unfavourable outcome. The
introduction of a treatment protocol for TBI patients
resulted in a decrease in severe deviations of physi-
ological parameters. For instance, a blood sugar
level above 10 mmol/l was found in 26% in the
retrospective study, while only 9% had severe
hyperglycaemia in the prospective study. However,
the frequency of patients with low albumin and
hypotension were similar in both studies. The dif-
ferences between frequency of deviation in physi-
ological variables before and after an introduction of
a treatment protocol suggest that the TBI treatment
interventions that can be controlled and improved
by the personnel (e.g. regulate the blood glucose
with insulin infusion) are improved, while other
factors may be more difﬁcult to control due to the
brain injury itself (e.g. brain oedema) and is less
prone to be improved. As mentioned by Lingsma
et al., it may also be that deviations in physiological
variables are related to the severity of the brain
injury, and that normalising the parameters does not
necessarily improve the outcome.29 This opinion is
supported by Patel et al. who showed that patients
with TBI observed between 1996 and 2003 showed
less improvement in the adjusted odds of death
since 1989 compared to patients without head
injury.5
Limitations in the study
We have not analysed interactions between the dif-
ferent variables except for keeping the highly signiﬁ-
cant variables age, GCS and pupil dilation as
covariates. We also have not analysed factors related
to the treatment at the scene of accident and during
the transportation to the hospital. Due to the obser-
vational nature of the study, the observed associa-
tions are not evidence for certain cause and effect
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relationships. Finally, we have not taken into
account the duration of the deviations in the analy-
ses of outcome predictors.
Conclusion
Our study showed that deviations from speciﬁc
treatment goals according to the treatment protocol
of TBI patients were frequent also after the introduc-
tion of a TBI protocol. Pulmonary complications
were common during the ICU/HDU stay, whereas
other extracranial complications were infrequent.
Age, GCS, pupil dilation, ISS, ICP > 25 mmHg,
hyperglycaemia and pneumonia were all highly sig-
niﬁcant predictors of a worse outcome.
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